1 4 0 has been documented with explicit subpopulation classification and origins (Table S1 ). Then, hapmapSNP panel, and were used as the initial dataset for generating the other three SNP 1 4 6 panels (Figure 2A and 2D) . The generated reference HapMap of rice has an average density of five SNPs per Kb with 1 4 8 a heterozygosity rate of 3.75% (Figure 2B and 2D) . Genome-wide distribution statistics 1 4 9 showed that 58.4% of the hapmapSNPs present in the intergenic regions, 12.5% in the 1 5 0 intronic regions, 11.8% in the exonic regions, 0.02% on the splicing sites, and 10.6% and 1 5 1 6.8% hapmapSNPs located in the upstream and downstream regions (1Kb away from 1 5 2 transcription start site or transcription end site) of a gene territory (Figure 2F) . The 2,097,405 1 5 3 hapmapSNPs with genotypes of 2,556 accessions are available to download, enabling users to 1 5 4 perform genotype imputation on local genotype data to increase the density of SNPs 1 5 5 generated from low-density genotyping platform. High SNP density is usually beneficial to precise mapping of trait-related genes with GWAS 1 5 9 analysis, but is not suitable for population genetic analysis because SNP redundancy may add addition, PCA-based ( Figure 3B ) and admixture-based ( Figure 3C ) analyses showed the 1 7 5 same pattern, with the subpopulation classification as the phylogenetic tree indicated. For 1 7 6 population admixture structure analysis, a predefined parameter of "K value" was used to 1 7 7 mandatorily estimate the number of ancestral subpopulation and uses different colours for 1 7 8 each K value to represent the number of subpopulations. Because the optimal number of 1 7 9 ancestral subpopulation is usually unknown, a common way is to use a series of K value to 1 8 0 estimate the optimal K parameter. It is worth noting that the japonica, indica and Aus 1 8 1 subpopulations were explicitly separated when K was set to 3, while the six subpopulations 1 8 2 were clearly separated until the K value was set to 8. In addition, between K=4 to 7, the 1 8 3 indica subpopulation showed clear structure divided into six groups (indica g1 to g6) as The tagSNP panel represents a subset of the hapmapSNPs after approximately 92.5% of the 1 9 0 genetic redundancy was removed (Figure 1) . To test the effectiveness of the 156,502 1 9 1 tagSNPs, we performed another series of standard genetic diversity analyses and examined 1 9 2 whether the results agreed with previously reported conclusions. First, we found that the 1 9 3 count of homozygous SNPs and the heterozygosity rate of the accessions in the six 1 9 4 subpopulations showed opposite trends: while the accessions in the TeJ subpopulation had 1 9 5 the highest count of homozygous SNPs and lowest heterozygous rate, the accessions in the 1 9 6 indica subpopulation had the lowest count of homozygosity SNPs and highest homozygosity 1 9 7 rate (Figure 4A and 4B) . The IBS (identity by state) analysis is a commonly used method to 1 9 8 measure the similarity of alleles in a designated population, which may reflect the genetic 1 9 9 diversity of the whole population and subpopulations. Comparison of the IBS values among 2 0 0 different subpopulations may help understand the degree of genetic differentiation in 2 0 1 different subpopulations. In order to validate whether the IBS results generated from the 2 0 2 tagSNPs are consistent with the previous reports regarding the genetic diversity in different within the same subpopulation was performed, and the results showed that temperate 2 0 5 japonica rice has the highest IBS values, while the indica rice has the lowest ( Figure 4C ). In temperate japonica rice has the slowest LD decay rate while the indica rice has fastest rate 2 1 0 ( Figure 4E) . Computations of θ π and Fst are commonly used methods to measure genetic 2 1 1 diversity within population and between population, respectively (Materials and Methods). The and Aro (Fst=0.241), suggesting the highest domestication level of japonica rice compared to 2 1 7 other rice (Figure 4F and 4G) . The collective results from multiple angles of standard 2 1 8 genetic diversity analyses were consistent with previous reports that indica rice has a more Genomic selection (GS) has been widely used in industrial animal and crop breeding accounting for 20% to 50% of a breeding population, and then used to predict the unknown 2 2 6 phenotypes of the remaining genotyped individuals (the candidate population). The predicted 2 2 7 phenotypes, known as the genomic estimated breeding values (GEBV), are ranked from high 2 2 8
to low, and can be used to assist in deciding upon a hybridization plan. Although GS may 2 2 9 significantly shorten the breeding cycle, the cost for genotyping has been a vital factor 2 3 0 because the GS model has to take genome-wide SNP markers as input, especially from crop 2 3 1 breeding in which thousands to hundreds of thousands of individuals need to be genotyped.
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In order to lower genotyping cost, compilation of a set of thousands of SNPs that may best 2 3 3 represent the overall genetic backgrounds of a breeding population is of great importance. rrBLUP prediction was performed on the nine phenotypes using the five sets of SNPs to 2 5 0 compare prediction accuracies (Figure 5) . Although prediction accuracies greatly varied 2 5 1 ranging from 0.23 to 0.90 among the nine traits due to different heritability of each trait, the 2 5 2 trend of the five SNP sets within the same trait was generally consistent. Except for the trait phylogenetic tree showed consistent structure with the tree constructed with fixedSNPs SNPs from the 700K and 44K chips, respectively, were found in the 1,180 fixedSNP panel. ( Figure 6E) . Overall, 99.8% of the rice accessions examined were assigned to previously 3 1 3
documented subpopulation records using markers extracted from the fixedSNP panel, 28 SNPs. After merging the three sets, 38 barcodeSNPs were finally selected to generate the 3 2 7
panel (Figure S2A ). In addition, up-and down-stream flanking sequences were also provided 3 2 8
for users to design primers for PCR-based KASP ™ genotyping assays. The SR4R also offers 3 2 9 a web interface that allows users to identify corresponding accessions or varieties when rice 3 3 0
varieties are submitted for genotyping with any number of barcodeSNPs between 8 to 38. The SR4R returns a list of the top 10 best-matched accessions/variety in the database, and subpopulation. This procedure is tedious and computationally inefficient since the database 3 4 8
contains hundreds of thousands of accessions. To simplify the procedure so that it may be 3 4 9
implemented through a web interface, we adopted an alternative method that utilizes machine 3 5 0
learning-based subpopulation classification models with the 38 barcodeSNPs as features. We precision in the five cultivated rice subpopulations indicated that, out of the seven methods 3 5 7 the best one is the multinomial logistic regression model, whose AUC (Area under curve)
values were all ≥ 0.99 for all subpopulations (Figure S3B-F) . Additional methods are one-vs- are also reasonable (Figure S4) . The pre-trained classification models with the seven in length) that can be used as molecular markers for a variety of population analysis. From fixedSNPs, 38 barcodeSNPs. In addition, the protein-coding genes exhibiting strong selection 3 9 4 signatures, associated with the 1,180 fixedSNPs were also included in the SR4R database 3 9 5
with detailed functional annotations (Figure 7A) . When users retrieve a SNP such as the first 3 9 6
SNP "OSA01S00001362", the genomic location and the adjacent gene or the gene containing 3 9 7
the queried SNP are displayed. Users may also retrieve a visualized allele frequency map in 3 9 8
the six major subpopulations, and the six subgroups of indica rice (Figure 7B) .
The users may also download the four panels of SNPs along with the original genotype to each sample (Figure 7D) . The second module is to perform DNA fingerprint analysis.
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When the user submits a genotype file containing no more than 20 samples, the model will number of mismatched nucleotide and heterozygosity rate displayed (Figure 7E) . The programs and scripts for these two modules along with demo input and output files are also processing pipelines and uniform analytical parameters ( Table S2 ). The four panels of SNPs 4 2 4
can be either accessed online or downloaded for local use from the daughter database of RVD and cultivated soybean genomes identifies patterns of genetic diversity and selection. data. PLoS ONE 2014;9. 
